Considering the cost reduction of the space transportation system, suborbital spaceplane, which flights ballistically to the altitude of 100 km, is considered one of a promising approach. Because of the avoidance of the orbital revolution, which leads to the reduction of the initial loading fuel, going to and returning from the space at low cost becomes possible. Due to the reduced re-entry speed, the ablator material is unnecessary and the reusability of the spaceplane is increased. SpaceShipOne, which is one of the suborbital spaceplane, has already reached to the step of the commercial use. The suborbital spaceplane seems possible to enter the orbital revolution by building a Maglev Guide Rail in the form which encircles the earth in Low Earth Orbit, and the Maglev Vehicles, which are driven along to the Guide Rail, berth with the suborbital spaceplane. It considered possible to maintain the Maglev Vehicle stationary in the space by adapting the configuration of the Orbital Ring. In this paper, the orbit of the Guide Rail, which supports not only the Maglev Vehicle but also the suborbital spaceplane, is calculated by astrodynamics. The results demonstrate that, sustainable movement around the earth is possible for Guide Rail in spite of the increase in the weight of Maglev Vehicle due to the docking with the suborbital spaceplane.
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Introduction
Reusable launch vehicles have to equip with thermal protection systems using ablator and other material for the protection from the aerodynamic heating during reentry into the atmosphere of the earth. The suborbital space flight, which does not inject in geocentric orbit, reduces the reentry speed. The reduced reentry speed enables us to simplify the thermal protection systems and the reusability of the system becomes high, which leads to the reduction of the launch cost. The suborbital space flight also reduces the initial fuel loading at the launch. The suborbital spaceplanes are considered to realize the round trip to space at low cost. The SpaceShipOne 1) which is one of the suborbital spaceplane has already reached to the step of commercial use.
In this paper, we consider the formation of the 'Maglev Vehicle' which runs along the 'Guide Rail' so that the relative velocity to the ground becomes zero. The Guide Rail was build to encircle the earth in Low Earth Orbit (LEO) of the altitude around 100km. By constructing such Guide Rail in the space, the suborbital spaceship might be obtained the orbital speed by docking with the Maglev Vehicle and accelerating the velocity. In this paper, the concept is termed as 'Space Maglev Concept'. The energy which is necessary to accelerate the Maglev Vehicle is provided by electric power. In the space, the electricity power is inexhaustible supplied by sunlight panels. The Space Maglev Concept enables the injection into the orbit only by equipping the fuel of suborbital flight. In the retuning flight, the Maglev Vehicle decelerate the speed relative to the ground, and the aerodynamic heating during the reentry flight also be reduced. This indicates that the space transportation cost is expected to be significantly reduced by introducing the Space Maglev Concept.
The circumference of the earth is approximately 40,000 km, this indicates that enormous quantity of material should be launched for constructing the Guide Rail. However, comparing to the Space Elevator (Fig.1) , which requires the length of cable more than 50,000km 2) , the quantity of material would be reduced. As for the Space Elevator, the cable should support the tension force acting to the vertical direction which is generated by own weight. Next generation materials like carbon nanotubes are necessary for the construction 3) . Orbital Ring Systems 4) (Fig.2) reduces the length of cable by constructing the massive 'Orbital Ring' which is placed in LEO.
The merit of Orbital Ring systems is described as follows. The 'Orbital Ring' does not need to bear large structural stresses, because it is in 'free-fall' everywhere except at the places where the 'skyhooks' deflect it. These 'skyhooks' ride upon Orbital Rings, supported electro-magnetically, and hold station above specific points on the earth's surface. Cables are suspended from the skyhooks down to the ground; these form the 'Jacob's Ladders.' A Jacob's Ladder is much shorter than a cable to geosynchronous orbit would be, and thus does not have to be made of so strong a material. It is within the reach of present-day technology. Space Maglev Concept seems better approach than the Space Elevator and Orbital Ring Systems from the viewpoint of launch cost which is necessary to construct the system, because the weight of the Maglev Vehicle is far lighter than the weight of the Jacob's ladder and we can construct the system by non-massive Guide Rail.
By realizing the zero speed relative to the ground in the LEO, the orbit is considered more convenient compared to the geostationary orbit. It is expected that for the mission of the artificial satellite that uses geostationary orbit, the Space Maglev Concept becomes an alternative, though the utility is limited to the region close to the equator.
As for the Guide Rail, the orbit is changed by the momentum exchange which is generated by passing through the floating Maglev Vehicle. The proposing system tries to reduce the mass of the Guide Rail. The change of the velocity becomes larger than the case of the Orbital Ring, to which linearization is applied. In this paper, aiming to utilize the stationary state for Maglev Vehicle and sustainable movement around the earth for the non-massive Guide Rail, the orbit is invested by astrodynamics without linearizing the differential of the velocities.
Concept of the Maglev Vehicle System which Runs along the LEO
The concept of the Maglev Vehicle system which runs along the LEO is demonstrated in Fig. 3 . The Guide Rail rotates around the earth so as not to fall down from the space. The Maglev Vehicle relatively moves along the Guide Rail and receiving the magnetic force, so that the vehicle does not fall down to the surface of the earth in the condition that the relative speed to the ground is zero (Fig. 4) . For compensating the deceleration caused by aerodynamic drag and other causes, equipped solar power panels are also used as a windmill of the orbit. 
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Velocity Velocity Point Mass Setting the Maglev Vehicle relatively stationary to the earth, the rotational angular speed around the earth becomes the same as the rotation speed of the earth. Comparing to the angular speed of the LEO, the rotational angular speed for synchronizing daily rotation of the earth is relatively small. As an initial preliminary computation which explores the feasibility of the system, first, we investigate the stationary motion to the absolute coordinate.
Investigation the orbit of maintaining the altitude of the Guide Rail by astrodynamics
In order to simplify the dynamic model of the Guide Rail, a Guide Rail is considered to be made by the group of the mass points which are linked by elastic strings that do not transmit force. The Guide Rail is injected into the circular orbit with distance from the geocentric = 6478km (Altitude is 100km), and orbiting with the tangential speed of = 7.84km/s.
Assuming that the Guide Rail has received an impulse by passing through the Maglev Vehicle and the vertical speed is accelerated to = 0.1km/s. The momentum exchange which is necessary to support the Maglev Vehicle from gravity is considered only for the radial direction.
Eccentricity vector and semi-major axis are calculated by the following equation: , , .
(
The direction of the eccentricity vector demonstrates the direction of the perigee of the orbit. Here, the argument from -axis to the perigee direction is denoted by . The elements of the injected elliptic orbit of the Guide Rail after passing through the Maglev Vehicle becomes: semi-major axis = 6479 km, eccentricity e = 0.01275. The distance from the geocentric to the perigee becomes = 6396 km (altitude is 18 km). Because of overlapping the circular orbit and the elliptic orbit, it is difficult to distinguish the difference of these two orbits at the value e = 0.01275. The shape of the orbit, which demonstrates the results of = 0.5 km/s ( = 6504 km, e = 0.06374) is plotted in Fig. 5 . When the mass-points turn around the earth and pass through the same place of the Maglev Vehicle again, the vertical speed decreases more, and the altitude of the perigee also decreases more, and finally the mass-points have reached to the surface of the earth.
Same as the Orbital Ring System, another Maglev Vehicle is necessary at the opposite position to the center of the earth. By setting the Maglev Vehicle at the position of and of Fig. 5 , the orbit of the left half return to the original circular orbit and we can constantly maintain the condition. By symmetrically placing the elliptic orbits as shown in Fig. 6 , and installing Maglev Vehicles in the points of intersection, the perigee altitude of the orbits are increased with maintaining the orbit of Guide Rail. Moreover, arranging the semi-major axes a and eccentricity e with the rotation steps of demonstrates the configuration of Fig. 7 . At the position where the solid line and the dashed line are crossing, the absolute speeds are equivalent and the differential of the velocity vectors becomes the direction to the focus. The condition can be constantly maintained by arranging a Maglev Vehicle in the position plotted by square in Fig. 7 and setting the solid line part as an orbit of a Guide Rail.
Consideration of the orbit of Maglev Vehicles rotation around the earth
In order to set the Maglev Vehicles relatively stationary to the earth, the rotational angular speed around the earth should be the same as the rotation of the earth. In this case, when the mass point of the Guide Rail reaches to the next Maglev Vehicle position, the Maglev Vehicle has moved to the position that the anomaly angle is a little larger than the stationary case. As shown in Fig. 8 , by considering the increase in the true anomaly angle caused by the movement of the Maglev Vehicles, and overlapping the elliptic orbit with rotating the angle double of the true anomaly, we can get the orbit which admit the rotation of the Maglev Vehicles around the earth.
Changes of the Guide Rail orbit caused by the docking and the acceleration of the Maglev Vehicle
After docking with the spaceplane, the increased total mass of the Maglev Vehicle and spaceplane is acted as an impulse between the Guide Rail and the Maglev Vehicle. The radial velocity of the mass point of the Guide Rail generated by passing through the Maglev Vehicle is decreased. Let us assume the quaternary Maglev Vehicles are allocated at the position indicated in Fig. 7 . The orbital elements of the elliptic orbit are supposed as, = 6525.0, e = 0.01, = 45.00°. After the docking with the spaceplane, the total mass of Maglev Vehicles at the position of (corresponding to A and C of Let us consider the reason that the orbit return to the original position in spite of the increase in the weight of Maglev Vehicles. By passing through the Maglev Vehicle, the velocity for radial direction is decreased, but the tangential velocity is maintained. This indicates that the specific angular momentum is conserved. The semi-latus rectum , which is calculated by , is also conserved. Figure 10 compares the orbits whose radial velocities are changed by passing through the Maglev Vehicle at with receiving different impulse. At the crossing point opposite to the geocentric , the radial distances become the same value. This is because the two orbits fulfill the equation: (2) where the subscript 0 and 1 denotes the injected orbital elements with receiving the initial and increased impulse of Maglev Vehicle. This equation demonstrates the following relation: 
Considering that the argument form axis is /2, following equation is also fulfilled.
Therefore, at the position , the radial velocity components are the same in the initial and increased weight case. The injected orbit after passing though the Maglev vehicle demonstrates planar symmetric condition with regard to the y axis. If we consider quaternary Maglev Vehicles and the weight of geocentric symmetrical two Maglev Vehicles are increased by docking the spaceplane, the radial distance is conserved despite of the increase in the weight of Maglev Vehicle. When the Maglev Vehicle accelerates in order to obtain the tangential speed, the mass point of the Guide Rail loses the tangential speed. For simplify the kinematics, the location of the Maglev Vehicles are supposed fixed, and only the mass point of the guide loses the tangential speed = 1m/s. Figure 11 demonstrates the results after passing through the Maglev Vehicles for 48 times, whose initial orbital elements are = 7500, = 0.1, = 45.00°. The result demonstrates that the total lose of the tangential speed is = 48m/s. The value of the orbital elements becomes, = 7408.68, = 0.0993677, = 45.00°. The orbit is lowered by losing the kinetic energy.
Measures in Case of the Maglev Vehicle Failure
The relative speed between the Maglev Vehicle and the Guide Rail becomes around 8 km/s. If the magnetic devices are failure and do not transmit the force, it considered difficult to transmit the force by some other systems without contacting to the surface. In case of the Maglev Vehicle failure, avoidance system to the specified safe place on the earth is necessary. Supposing that the vehicle is accelerated from the orbit altitude of 100km to the altitude of 10km with no drag, the reentry speeds roughly estimated by the equation . The value becomes close to 1.33km/s, which is classified as high speed aerodynamics. If some aerodynamic devices are equipped to the Maglev Vehicle, we can control the falling orbit to the earth. Evacuation to some safe place would become possible by using some aerodynamic avoidance systems. Investigation into the Space Maglev Concept will yield new research tasks of high speed aerodynamics, too.
Conclusions
This paper demonstrated the concept of constructing a Maglev Guide Rail in the form which encircles the earth in LEO. Suborbital spaceplane widen the possibility of putting into an orbiting track by docking with a Maglev Vehicle. In order to study the feasibility of the concept, the orbit of the Guide Rail is calculated by astrodynamics. Same as the Orbital Ring, setting a Maglev Vehicle stationary to the absolute coordinate is possible by installing in the intersection point of the elliptic orbit. Considering the rotation of the Maglev Vehicle caused by synchronizing with the daily rotation of the earth, we can set the Maglev Vehicle into a relatively stationally orbit to the earth by adjusting the rotation angle of the elliptic orbit.
If we consider quaternary Maglev Vehicles and the weight of geocentric symmetrical two Maglev Vehicles are increased by docking with the spaceplane, the radial distances of the weighted Maglev vehicles are conserved despite of the deformation of the orbit after passing through the weighted Maglev Vehicles. It is clarified that the vertical velocity of the orbit at the initial weight Maglev vehicle is not changed regardless the deformation of the orbit. Therefore, the orbital configuration becomes planar symmetric and the orbit turns back to the initial orbit after passing through Maglev Vehicles.
Considering the Maglev Vehicle acceleration in order to obtain the tangential speed, the mass point of the Guide Rail loses the tangential speed. The orbit is lowered by losing the kinetic energy. In case of the Maglev Vehicle failure, the Guide Rail does not transmit the force and the Maglev Vehicle will falls down. As a measure to deal with such malfunction, some aerodynamic device is necessary in order to control the falling orbit from space to the surface of the earth.
